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Abstract 
The purpose of writing this review is to study the effect various novel drug delivery approach 
such as ethosomes, liposomes, niosomes, micells, nanoparticles, aspasomes, microsponges, 
microemulsions, hydrogels and solid lipid nanoparticles etc on absolute bioavailability of 
ciprofloxacin at site of action. The current review emphasizes the potential of various novel drug 
delivery strategies in optimizing and enhancing the topical delivery of ciprofloxacin. 
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INTRODUCTION 
Ciprofloxacin is a second-generation fluoroquinolone 
antibiotic that is used to treat bacterial infections 
such as urinary tract infections and pneumonia. The 
FDA has approved ciprofloxacin for the treatment of 
urinary tract infections, sexually transmitted 
infections (gonorrhoea and chancroid), skin, bone, 
and joint infections, prostatitis, typhoid fever, 
gastrointestinal infections, and lower respiratory 
tract infections, anthrax, plague, and salmonellosis. 
Furthermore, ciprofloxacin is an appropriate 
treatment option in patients with mixed infections or 
those who are predisposed to Gram-negative 
infections. Ciprofloxacin was patented in 1983 by 
Bayer A.G. and approved in 1987 by the United States 
Food and Drug Administration (USFDA).[1] 
Solubility and bioavailability data indicate that 
ciprofloxacin hydrochloride is a BCS Class IV drug 
(low solubility/low permeability). Ciprofloxacin has 
low water-solubility, Because of the low water 
solubility, ciprofloxacin is formulated into tablets for 

oral use as monohydrochloride monohydrate salt. In 
this form, its absolute bioavailability is of 60%. 
Alternatively, a ciprofloxacin base has been 
formulated in oil-based syrups with a better 
bioavailability of up to 70%. Formulations for topical 
use (e.g., ciprofloxacin ophthalmic ointment) are 
made by dissolving the drug in mineral oil. 
Ciprofloxacin antibiotics are not used for the topical 
treatment of skin disease due to insufficient drug 
bioavailability and the possibility of local side effects 
due to their low permeability. As a result, novel drug 
delivery approaches such as ethosomes and 
liposomes can help to improve ciprofloxacin 
bioavailability. Recent advancements in the 
understanding of drug pharmacokinetic and 
pharmacodynamic behaviour have provided a more 
rational approach to drug distribution. Novel drug 
delivery systems (NDDS) are carriers that keep drug 
concentrations in the therapeutic range for a longer 
duration. Novel drug delivery technologies have 
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various advantages over traditional drug delivery 
systems. 
Chemical property of ciprofloxacin 
• Ciprofloxacin's chemical name is 1-cyclopropyl-6-

fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-
quinolinecarboxylic acid. C17H18FN3O3 is its 
empirical formula, and its molecular weight is 
331.4 g/mol. It is a crystalline substance that 
ranges from faintly yellowish to light yellow. 

• Ciprofloxacin hydrochloride (USP) is the 
monohydrochloride monohydrate salt of 
ciprofloxacin. It is a faintly yellowish to light 
yellow crystalline substance with a molecular 
weight of 385.8 g/mol. Its empirical formula is 
C17H18FN3O3HCl•H2O. 

 

 
Fig 1: Chemical structure of Ciprofloxacin 
Hydrochloride 

 
Mechanism of Action ciprofloxacin 
Ciprofloxacin belongs to the fluoroquinolone drug 
class and is a bactericidal antibiotic. It prevents DNA 
replication by inhibiting the enzymes bacterial DNA 
topoisomerase and DNA gyrase. Ciprofloxacin is the 
most effective fluoroquinolone antibiotic against 
gram-negative bacilli (particularly 
Enterobacteriaceae such as Escherichia coli, 
Salmonella spp, Shigellaspp, and Neisseria 
gonorrhoeae).[2] Ciprofloxacin is also effective 
against certain gram-positive bacteria. Among the 
quinolones, ciprofloxacin is the most effective 
against Pseudomonas aeruginosa.[3] Progression of 
susceptibility to P. aeruginosa has been reported in 
Europe, North and South America, primarily in 
hospital or nursing home settings with identifiable 
risk factors. Ciprofloxacin is readily absorbed but 
typically does not achieve complete absorption 
Ciprofloxacin is one of the few oral antibiotics that 
can treat P. aeruginosa infections.[3] 

Route of Administration of ciprofloxacin. 
Ciprofloxacin is a drug that can be taken mostly orally 
or intravenously. 
1. Oral route: Ciprofloxacin is taken twice a day for 

7 to 14 days, or for at least two days after the 
infection's signs and symptoms have 
disappeared. For mild to moderate urinary tract 
infections, 250 mg twice daily is advised, and for 
severe or complicated infections, 500 mg twice 
daily is recommended. 500mg twice-daily dose 
is required for mild to moderate respiratory 
tract or skin and soft-tissue infections. For 
severe or difficult illnesses, a dosage of 750mg 
twice daily is suggested. To avoid 
gastrointestinal disturbance, Ciprofloxacin 
should be taken with food. In comparison to 
ciprofloxacin tablets, topical ciprofloxacin is a 
safe and effective antibiotic for the treatment 
of chronic otitis media.[5] 

2. Intravenous route: For mild-to-moderate 
infections, an intravenous dose of 200 to 400 
mg twice daily is recommended, and for severe, 
life-threatening infections, an intravenous dose 
of up to 400 mg every 8 hours is 
recommended.[4] For patients with severe renal 
impairment (creatinine clearance = 1.2 L/hour), 
a 50% reduction in daily dosage is 
recommended. Ciprofloxacin is given 
intravenously in a 60-minute slow infusion. It is 
critical to maintain adequate hydration and 
urine output 

Contraindications of ciprofloxacin antibiotic 
• Patients with documented hypersensitivity to 

the drug or formulation components are 
contraindicated for ciprofloxacin. 

• The concurrent administration of tizanidine for 
muscle spasms is also a contraindication. The 
pharmacokinetics of tizanidine are altered by 
CYP1A2 inhibition (ciprofloxacin), leading to 
increased tizanidine levels and decreased 
psychomotor activity, blood pressure, and heart 
rate.[4][6]  

• Avoid ciprofloxacin and its fluoroquinolone class 
in patients with myasthenia gravis because it 
may exacerbate muscle weaknesses. 

• Ciprofloxacin is also considered to be 
contraindicated in children (except for the 
indications outlined above), in pregnancy, to 
nursing mothers, and in people with epilepsy or 
other seizure disorders. 

• serum levels of the antiepileptic 
drugs phenytoin and carbamazepine (increased 
and decreased) have been reported in patients 
receiving concomitant ciprofloxacin. 
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Interactions of ciprofloxacin antibiotic 
• Ciprofloxacin interacts with certain foods and 

several other drugs leading to undesirable 
increases or decreases in the serum levels or 
distribution of one or both drugs. 

• Ciprofloxacin should not be taken with antacids 
containing magnesium or aluminium, highly 
buffered drugs eg.  (sevelamer, lanthanum 
carbonate, sucralfate, diagnosing). Magnesium 
or aluminium antacids turn ciprofloxacin into 
insoluble salts that are not readily absorbed by 
the intestinal tract, reducing peak serum 
concentrations by 90% or more, leading to 
therapeutic failure. 

• Ciprofloxacin should not be taken alone with 
dairy products or calcium-fortified juices 
because it can reduce peak serum concentration 
and the area under the serum concentration-
time curve by up to 40%. Ciprofloxacin, on the 
other hand, can be taken with dairy products or 
calcium-fortified juices as part of a meal. 

EFFECT OF NOVEL DRUG DELIVERY APPROCH ON 
CIPROFLOXACIN 
There are several advantages of novel drug delivery 
systems of ciprofloxacin over conventional drug 
delivery of ciprofloxacin.  
• Optimum therapeutic- ciprofloxacin 

concentration in the blood or in tissue may be 
maintained over a prolonged period. 

• Pre- determined release rates of extended 
period of time may be achieved.  

• The duration of ciprofloxacin with a short half-
life may be extended. Frequent dosing and 
medication waste may be substantially 
reduced. 

• By targeting the site of action, side effects may 
be eliminated.  

• Better patient compliance may be ensured. 
A variety of novel carriers have been established and 
documented to be useful for controlled and targeted 
drug delivery. It is essential to critically evaluate the 
various terms used under the various broad 
categories of novel drug delivery systems.[7] 

• Sustained/controlled-drug delivery systems: 
deliver drugs at a predetermined rate by 
releasing them at therapeutically effective 
levels in the circulation at a prolonged or 
constant (Zero-order) rate. 

• localised drug delivery systems: Drug action is 
achieved by spatial or temporal control of drug 

release (typically rate-limiting) in the region of 
the target in localised drug delivery systems. 

• Rate-pre-programmed drug delivery systems: 
manage the molecular diffusion of drug 
molecules and thereby offer drug action by 
regulating the release of drug molecules. 

• Targeted drug delivery systems: Involves the 
use of carriers for passive or active targeting, or 
a single base or self-programmed method, 
which is usually anchored with appropriate 
sensory devices that detect the target's 
receptor. 

 
NOVEL CARRIER FOR CONTROLLED & TARGETED 
DRUG DELIVERY 
The majority of drugs are administered using 
conventional immediate-release dosage forms. They 
distribute freely throughout the body & accumulate 
the non-specific organs in an undesirable manner 
and thus produce adverse side effects. To reduce 
these slides and increase their therapeutic benefits, 
they must be delivered to their respective site of 
action, which necessitates the use of suitable carrier 
systems. Several new carriers have been developed 
for this purpose. Among these colloidal carriers, 
liposomes, Ethosomes, nanoparticles, and supra-
molecular systems such as micelles, have received 
increased attention in the field of controlled and 
targeted drug delivery. Inorganic particles, liquid 
crystals, aquasomes, carbon nano tubes, 
dendrimers, and other novel carriers have recently 
been investigated for specialised applications. These 
carriers for the same purpose are discussed in detail 
in the following section.[7] 

Colloidal carrier: 
1. Liposomes: A liposome is a spherical vesicle having 
at least one lipid bilayer. Liposomes  most often 
composed of phospholipids, 
especially phosphatidylcholine, but may also include 
other lipids, such as egg phosphatidylethanolamine, 
so long as they are compatible with lipid 
bilayer structure. The mechanism of delivering drugs 
is either by fusing with the cell membrane and 
releasing the drug or by endocytosis mechanism of the 
cells. Depending on the method of preparation, the 
vesicles can be multilamellar, small unilamellar, or 
large unilamellar. For targeting, the surfaces of 
liposomes are attached with ligands specific to the 
target site.[8] 
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Fig 2: structure of Liposome. 

 
Table 1: Types of liposomes used for different applications.[8] 

Types Uses 

Conventional liposomes Targeted delivery to macrophages and in vaccines 

Cationic liposomes Gene delivery 

pH sensitive liposomes Targeting tumours and in endocytosis 

Temperature Sensitive liposomes Site specific delivery of solid tumours 

Immuno liposomes Receptor mediated endocytosis 

 
Table 2: Liposomes formulations of ciprofloxacin [9] [10] 

Drug Dosage form  Composition Method Use 

Ciprofloxacin 
Liposomal hydrogel 
 

 
Phosphatidylcholine (pc) 
and cholesterol 

The thin-
film 
hydration 
method 

Improving the topical 
bioavailability of 
ciprofloxacin hydrochloride 
to treat various skin 
disorders. 

Ciprofloxacin 

Ocular ciprofloxacin 
hydrochloride 
mucoadhesive 
chitosan-coated 
liposomes 
 

 

phosphatidylcholine (pc), 
cholesterol (ch), 
stearylamine (sa) and 
dicetyl phosphate (dp) 

The thin-
film 
hydration 
method 

 Improve the ocular 
bioavailability of 
ciprofloxacin hydrochloride 
(cpx) through the 
preparation of ocular 
mucoadhesive chitosan (cs)-
coated liposomes. 

 
2. Ethosomes: Ethosomes are phospholipid-based 
lipid vesicles with a high concentration of alcohol 
(ethanol or isopropyl alcohol) and water. Ethanol (20 
to 50%) acts as a penetration enhancer, allowing 
drugs to reach the deeper layers of the skin. The high 

concentration of ethanol is considered to be the 
reason for improved skin penetration. Ethanol 
increases the cell membrane fluidity and decrease 
the lipid density. Drugs including hormones, DNA, 
peptides can be incorporated in ethosomes. 

 
Table 3: Ethosome formulations of ciprofloxacin [11] 

Drug Dosage form Composition Method Use 

Ciprofloxacin Ethosomal Gel Phosphatidylcholine (PC) 
from soybean lecithin, 
ethanol 

Cold method skin disorders. 

 
3. Niosomes: Niosomes are vesicular structures 

with sizes ranging from 10-1000 nm that are 
formed by the incorporation of non-ionic 
surfactants and can be used to deliver 
amphiphilic and lipophilic drugs. Niosomes are 
non-toxic, biodegradable, more stable, and less 

expensive.[8] The main difference between 
liposomes and niosomes is that liposomes are 
made up of phospholipids, which contain two 
hydrophobic tails whereas niosomes are made up 
of non-ionic surfactants, which usually contain a 
single hydrophobic tail. 
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Table 4: Niosome formulations of ciprofloxacin [8] 

Drug Composition Method 

Ciprofloxacin Tween 40 Span 40 Film hydration and pH and ammonium sulphate gradient35 

                                                             
 

Fig.3: factors influencing niosomes physical stability. 
 

4. Microparticles: Microcapsules are spherical 
particles with a core substance that range in size 
from 50 nm to 2 nm in diameter. Microspheres are 

spherical empty particles in the real sense. 
Microcapsules and microspheres, on the other hand, 
are commonly used interchangeably. 

 
Table 5:Microparticles formulations of ciprofloxacin[12] 

Drug Dosage form Composition Method Use 

Ciprofloxacin ciprofloxacin chitosan and 
pectin microspheres 

pectin and chitosan spray-drying 
method 

osteomyelitis 

 
5.Transferosomes: Transferosomes are ultra-
deformable vesicles with a bilayered structure that 
are commonly used to deliver high molecular weight 
peptides, hormones, and various drugs. Due to their 
high flexibility, permeation becomes easy through 
the stratum corneum. Transferosomes squeeze 

through the stratum corneum's intracellular lipid and 
penetrate into the skin layers, bypassing their barrier 
function. Osmotic gradients in the skin layers also 
enable the movement of vesicles from the dry 
stratum corneum (top layer) to the hydrated deeper 
layers of the skin. 

 
Table 6: Transferosomes formulations of ciprofloxacin[13] 

Drug Dosage form Composition Method Use 

Ciprofloxacin 

Nano-transfersomal 
ciprofloxacin loaded 
vesicles 
 

Phospholipid and 
sodium cholate  

 thin film hydration 

1. Treatment of 
otitis media in 
adults. 
2. Topical 
treatment of 
otorrhea in 
children  

 
6.Microemulsion: Microemulsions are 
thermodynamically stable fluids, as compared to 
kinetically stable emulsions, which separate into oil 
and water over time. Microemulsions have particle 

sizes ranging from 10 to 300 nanometers. 
Microemulsions appear as clear or translucent 
solutions due to their small particle size.

 
Table 7: Microemulsion formulations Of Ciprofloxacin 

Drug Dosage form Composition Use 

Ciprofloxacin Ciprofloxacin Microemulsion 
 Isopropyl Myristate, 
Polysorbate 80, Ethyl 
Alcohol and Water 

Reduction Of S. 
Aureus Nasal 

Factors

Nature of 
surfactant

Structure 
of 

surfactant

Temperat
ure of 

hydration

Nature of 
encapsulat

e drug
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Colonization and Skin 
Infection. 

 
Table 8: list of ciprofloxacin formulations based on novel drug delivery systems [14-25] 

Drug Dosage form Composition Use 

Ciprofloxacin 
Ciprofloxacin hydrogels based 
on an ionic complex 

Dendronized polymer 

Treatment of topical 
and mucosal 
opportunistic infections 
in human or veterinary 
applications. 

Ciprofloxacin 
Povidone foils and nanofiber 
mats 

Polyvinylpyrrolidone 
(pvp) and acetic acid as a 
solubilizer. 

Chronic wounds 
infections 

Ciprofloxacin  
Ciprofloxacin monoolein 
water gels 

Glycerol monooleate, 
Deionized water 

treatment of chronic 
osteomyelitis 

 
CONCLUSION 
This article outlines about liposomes, niosomes, 
ethosomes and transferosomes of ciprofloxacin 
drugs and its merits over the conventional 
formulations. Novel Drug Delivery System (NDDS) 
NDDS is a combination of advanced technique and 
new dosage forms that are far superior to 
conventional dosage forms. Advantages of Novel 
Drug Delivery System include optimum dose at the 
right time and right location, efficient use of 
expensive drugs, excipients, and cost reduction in 
production, benefit to patients, better therapy, 
improved comfort, and standard of living. The 
following are the fundamental modes of novel drug 
delivery systems: Targeted Drug Delivery System, 
Controlled Drug Delivery System, etc. Novel drug 
delivery and drug targeting are new techniques used 
in pharmaceutical science. Targeted drug delivery, 
vaccine delivery, and gene therapy are examples of 
commercial development of novel carries 
(liposomes). 
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